Introduction
For "potentially critically ill" patients, a reliable early detection followed by timely intervention is required.
Research has shown that patients may die from disordered physiology caused by the disease, but not directly from disease. In 1997 Morgan et al 1 first reported an early warning score (EWS) that combined a variety of vital signs and mental status abnormalities to help detect potentially critically ill patients. With a significant degree of variation in the measured physiological variables, the weightings assigned, and the thresholds for triggering specific responses, several modifications of this EWS have been developed and adopted into clinical practice. [2] [3] [4] [5] In 2012, the Royal College of Physicians (RCP) launched a unified criterion, named National Early Warning Score (NEWS), 6 including six physiological measurements: heart rate, systolic blood pressure, temperature, respiratory rate, level of consciousness and oxygen saturations. The NEWS is used to improve the assessment of acute illness, the detection of clinical deterioration, and the initiation of a timely and competent clinical response. So far the NEWS has only been used in patient populations in the UK. The aim of this study was to assess the performance of NEWS in emergency intensive care unit (EICU) patients in Beijing, China.
Methods
This single-centre, prospective study was conducted in our 15-beds EICU of XuanWu Hospital, a university teaching hospital in Beijing, featuring clinical practice and research on neuroscience and gerontology, from 1st January, 2013 to 31st March, 2013. Patients with life-threatening emergency requiring immediate resuscitation or strong potential for rapid deterioration to life-threatening emergency are under the care of this EICU. Most patients were admitted through the emergency department, only a small number of patients were transferred from the observation ward or other hospitals directly. During this period, Data were collected for all emergency admissions admitted to this EICU. Patients with incomplete epidemiological or discharge data were excluded.
After appropriate training, nursing staff collected data on a dedicated data collection sheet when patients were admitted to the EICU, Completeness of data was checked daily at bedside by the authors. Demographic details, respirator y rate, oxygen saturations, temperature, systolic blood pressure, heart rate, and AVPU score (A for 'alert', V for 'reacting to vocal stimuli', P for 'reacting to pain', U for 'unconscious') were recorded on admission. Respiratory rate, oxygen saturations, systolic blood pressure and heart rate were measured electronically and checked manually where appropriate. The axillary temperature was taken. AVPU scores were scored according to best response at time of blood pressure measurement.
The collected data were used to calculate NEWS and modified Early Warning Score (MEWS, the most commonly used EWS) 2 (see Appendix). The primary outcome measure was 24 hours mortality.
The data were analysed using SPSS (version 19). The patients who were dead at 24 hours were compared to those alive with regard to their initial physiological parameters by unpaired Student's t-test and Chi-square analysis that applied Yates continuity correction. The data were used to create receiver operator characteristic curves (ROC) so that the effectiveness of the scores in determining outcome could be assessed. The area under the curves (AUROC) compared according to the
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Keywords: Age factors, China, hospital emergency service, mortality, physiologic monitoring method of Hanley and McNeil. 7 Patients were categorised into different groups according to their primary diseases. Each group's ROC curves were created to assess the effectiveness of the scores among different diseases in determining outcome. To evaluate the predictive power of each of the constituent elements of NEWS and demographic details, we first undertook univariate analysis, using logistic regression to estimate the association between the score for the variable concerned and 24 hours mortality. We then undertook multivariate analysis to determine which individual variable scores were independent predictors of mortality. All predictor variable scores (univariate analysis p<0.1) were entered into a logistic regression model, with 24 hours mortality as the outcome. Odds ratios with 95% confidence interval (CI) were calculated. In these analyses, we used the variables as they are categorised in the Appendix, rather than the raw data (because the requirement for supplemental oxygen to maintain satisfactory oxygen saturations was incorporated into the scoring system, we added a weighting score of 2 to the oxygen saturations score as a modified oxygen saturations score for patients requiring supplemental oxygen). A p value <0.05 was considered significant.
Local research ethics committee approval was obtained for this study.
Results
During the observation period, data for 551 patients were collected. Eleven patients with incomplete physiological parameter observations were excluded. No other patients were excluded so that data for 540 patients were analysed. The demographic data, including the reason for admission, are shown in Table 1. A heterogeneous group of patients was admitted during the observation period but over 80% had primarily neurological, cardiovascular or respiratory diseases. Fifty-five (10.19%) patients died within 24 hours. Figure 1 shows the relationship between NEWS and 24 hours mortality. As the score increased, mortality increased. NEWS was statistically significant in predicting 24 hours mortality. A Score of 7 or more was associated with an increased risk of death (χ 2 =57.96, p<0.001, OR=16.80, 95% CI=6.58-42.90). MEWS was also statistically significant in predicting 24 hours mortality, a score of 5 or more was associated with an increased risk of death (χ 2 =49.88, p<0.001, OR=7.97, 95% CI=4.15-15.29). Table 2 shows univariate analysis (raw data) to determine the effectiveness of each variable to predict 24 hours mortality. For Chinese patients there was no association between age and 24 hours mortality. However mortality was associated with respiratory rate, oxygen saturations, temperature, systolic blood pressure, heart rate, level of consciousness, NEWS and MEWS score. Moreover, male gender was also strongly associated with 24 hours death.
Multivariate analysis (Table 3) shows that gender, respiratory rate, modified oxygen saturations, temperature, systolic blood pressure, heart rate, and level of consciousness were independent predictors of mortality. After adjusting for other variables, heart rate did not predict mortality. Figure 2 shows receiver operating characteristic curves (ROC) analyzing the ability of NEWS and MEWS at predicting outcome. The AUROC for NEWS for death within 24 hour of admission to XuanWu Hospital was 0.848 (95% CI=0.792 to 0.903, p<0.001), whereas Continuous variables were shown as mean ± standard deviations AVPU: A for 'alert'; V for 'reacting to vocal stimuli'; P for 'reacting to pain'; U for 'unconscious' MEWS = modified Early Warning Score; NEWS = National Early Warning Score Figure 1 . The number of patients who died within 24 hours based on National Early Warning Score (NEWS). Table 4 shows AUROCs for NEWS ability to predict 24 hours mortality among people with different primary diseases. For patients with neurological, cardiovascular or respiratory diseases, NEWS had good discrimination.
Discussion
The original EWS scores were derived from expert opinion that selected the standard vital signs and changes in mental status and allocated scores to them without any prospective validation. 8 As a result the discriminatory performance of these scores is poor with the area under their receiver operator curve (AUROC) r a n g i n g f r o m 6 5~7 8 % . 4 T h e r e f o re , s e v e r a l modifications of this EWS were conducted to make it more discriminatory. The most famous modification, named as modified Early Warning Score (MEWS) was first reported and validated in United Kingdom (UK) by Subbe et al. 2 MEWS score has been validated also in Hong Kong by Lam et al. 5 In 2012, Members of the RCP National Early Warning Score Design and Im p l e m e n t a t i o n Gr o u p ( N EW S D I G ) m a d e adjustments to this system, also based on clinical opinion, to develop the NEWS. Although NEWS's discrimination has been validated, 9 so far this has only been done in patient populations in the local environments for which they were developed, it is not known if they have universal applicability to other patient populations. This study shows that the discrimination of NEWS for the prediction of death within 24 hours of acutely ill patients attending XuanWu Hospital is the same as originally reported in the UK patients.
Although the NEWS originated from expert opinion, our research using logistic regression to estimate the association between the variable concerned and 24 hours mortality shows that all six constituent elements of NEWS were associated with in hospital mortality, but the association between heart rate and mortality was not significant on multivariate analysis. This could be because of synergistic action of heart rate and other vital signs. This suggests that an improved early warning score for Chinese patients could be devised without using heart rate as available.
Its common knowledge that age is a powerful driver of mortality, and in reality, age is an important component of many scoring systems used to predict in-hospital mortality for groups of patients. [10] [11] [12] [13] Therefore, it has been suggested that it is an essential requirement for any EWS based on the assumption that the physiology of the sick elderly must be different from a sick young. 14 Subbe et al found that the inclusion of age increases the AUROC for MEWS from 67% to 72%. 2 In contrast, Quarterman et al found that although multi-variant analysis showed age predicted death, addition of a score for age did not significantly increase the area under a receiver operator characteristic curve for the predictive value of MEWS scores. 15 So NEWSDIG was unconvinced that it was necessary to apply an arbitrary weighting to the NEWS aggregate score on the basis of age, based on current evidence. 6 Our study shows mean ages of survivors and non-survivors within 24 hours were 65.39 years (SD 18.055) and 63.87 years (SD 17.069), respectively, there were no significant difference between the two group (p=0.553). Therefore, age made no difference to the 24 hours mortality of in our patient groups.
NEWSDIG recommended that gender should not form part of the weighting or scoring system for the NEWS. 6 Our study found that gender was also an independent predictor of 24 hours mortality. Women had a lower mortality rate than men within 24 hours. Women with neurological diseases (mainly with cerebrovascular diseases) had a much lower mortality rate than men within 24 hours. The results may be due to the higher prevalence of cerebral haemorrhage in man, and cerebral haemorrhage has higher early mortality than cerebral infarction. In contrast, for patients with cardiovascular diseases, there was no significant difference in 24 hours mortality between men and women. This suggests that an improved early warning score for neurological patients could be devised with the inclusion of gender as a component of EWS.
Teasdale, who published the Glasgow Coma Scale, pointed out that NEWS is not suitable for all patients. 16 The report 6 emphasized that the NEWS should not be used in children (i.e. aged <16 years) or pregnant women because the physiological response to acute illness may be different in children and pregnancy. Furthermore, the chronically disturbed physiology of some patients with chronic obstructive pulmonary disease (COPD) could influence the sensitivity of the NEWS, which should be recognised when interpreting NEWS in these patients. Eccles et al 17 designed a simple variant of NEWS for patients with chronic hypoxemia, named Chronic Respiratory Early Warning Score (CREWS). But there was no significant improvement in sensitivity of CREWS compared to NEWS. In our study, we found that AUROCs for NEWS's ability to predict 24 hours mortality among people with neurological, cardiovascular or respiratory diseases were 0.873 (0.796-0.951), 0.874 (0.780-0.967), 0.870 (0.765-0.975), respectively. For these patients, NEWS had good discrimination. However, for gastrointestinal and other patients (including trauma, malignancy et al), NEWS's ability to predict was not so good, partly because of the relatively small sample size. It is possible that disease-specific NEWS will improve its effectiveness at identifying these patients.
By comparing ROC curve for NEWS and MEWS to predict 24 hours death, it seems that NEWS was more sensitive and specific in predicting death. But there was no significant difference between the two score's AUROC. This is probably a consequence of the relatively small sample size. In future, we plan to use NEWS in a larger multicentre prospective study including different patient groups to identify NEWS's discrimination and "goodness of fit".
Limitations of the study
The results of this study must be interpreted considering some limitations. First, the number of enrolled patients was small, especially for patient groups with gastrointestinal disorders, trauma and malignancy. Therefore we cannot draw statistically significant ROC curves for the NEWS's ability to predict 24 hours mortality for those patients. The small number of patients who died limited our ability to detect differences in sensitivity, although our results do not suggest any major reduction in sensitivity of NEWS compared to MEWS. Second, this is a singlecentre study from Beijing including unselected EICU patients at a university-level tertiary referral hospital. Thus, we believe that our results are generalisable to similar institutions with a comparable level of health care in Beijing. However we do not know its performance in other areas of china, and we also do not know its performance in other zones of ED. Our next study, which will be a larger multi-centre study, enrolled all emergency patients who visited the ED, may be able to provide this information.
Conclusion
NEWS has provided the medical profession with a convenient and reliable tool for assessing severity of illness and detecting patients at risk of deterioration that can be quickly performed at the bedside by clinical staff. The score may be useful in the assessment of Chinese patients in the EICU setting. Level of consciousness, AVPU A V P U AVPU: A for 'alert'; V for 'reacting to vocal stimuli'; P for 'reacting to pain'; U for 'unconscious'
